A 238-kilobase-pair plasmid, pMOL30, confers resistance to cadmium, zinc, and cobalt salts in Alcaligenes eutrophus CH34. After Tn5 mutagenesis, restriction nuclease analysis, and Southern DNA-DNA hybridization, a 9.1-kilobase-pair EcoRI fragment was found to harbor all of these resistance properties and was cloned into the broad-host-range hybrid plasmid pRK290. When transferred to a plasmid-free derivative of CH34, the hybrid plasmid conferred the same degree of resistance as the parent plasmid pMOL30. In two other Alcaligenes strains, the hybrid plasmid was expressed, but to a lower degree than in CH34 derivatives.
tance to nickel (Nicr) and a low level of cobalt resistance (CobAr) (14) .
In this communication, we describe the molecular cloning of the resistance markers encoded by pMOL30, as well as their expression in a plasmid-free variant of CH34 and in metal-sensitive Alcaligenes strains.
The bacterial strains and plasmids used in this study are listed in Table 1 . Nutrient broth and Luria broth were used as complex media. For testing the degree of resistance to the heavy-metal salts, a mineral medium (5) was used which contained, per liter of distilled water, 2 g of sodium gluconate, 6.06 g of Tris hydrochloride (pH 7.0), 4.68 g of NaCl, 1.49 g of KCI, 1.07 g of NH4Cl, 0.43 g of Na2SO4, 0.20 g of MgCI2 6H20, 0.03 g of CaCl2 -2H20, 0.23 g of Na2HPO4 12H20, 0.005 g of ferric ammonium citrate, and 1 ml of trace element solution SL7 (1). Analytical-grade salts of CdCI2 * H20, CoC12 6H20, NiCl2. 6H20, and ZnC12 were used to prepare 1.0 M stock solutions, which were sterilized by autoclaving and added to the medium at final concentrations of 1 mM NiCl2, 1 mM CdCI2, 2.5 mM ZnCl2, and 5.0 mM CoCl2. Heavy-metal-containing medium was solidified with 20 g of agar per liter; other solid media contained 15 g of agar per liter. For conjugation, overnight cultures of donor and recipient strains grown at 30°C in nutrient broth were mixed and plated onto nutrient broth agar. After 12 to 20 h of growth, the bacteria were suspended in saline (9 g of sodium chloride per liter), diluted, and plated to selective media. For transposon mutagenesis, Escherichia * Corresponding author. t Present address: Department of Microbiology and Immunology, University of Illinois College of Medicine, Chicago, IL 60680. coli S17-1(pSUP5011) was mated with A. eutrophus CH34 as described above. Plasmid pSUP5011 is a derivative of pBR325 (containing transposon TnS-Mob) which contains a P-type specific recognition site for mobilization. The plasmid does not replicate in A. eutrophus and thus functions as a suicide delivery vector for TnS-Mob (18) . Kanamycinresistant (Kanr) transconjugants were selected on nutrient broth agar containing 1,000 p.g of kanamycin per ml, which counterselects against the E. coli donor. The transconjugants were examined for Cadr, Cobr, Zinr, and Nicr by replica plating onto appropriate media.
For the isolation of plasmid DNA, a modified method based on an alkaline lysis procedure (8, 9) was employed. Cells were grown overnight in nutrient broth; 10 ml of the culture was harvested by centrifugation and suspended in 2 ml of Tris buffer (75 mM Tris acetate buffer, pH 7.3, containing 1 mM EDTA). One milliliter of freshly prepared lysis buffer (0.25 N NaOH, 6% sodium dodecyl sulfate) was added, and the solution was gently mixed and incubated for 1 h at 68°C. Next, 400 ,ul of 5 M sodium chloride and 6 ml of phenol-chloroform were added, and the suspension was gently mixed. After centrifugation and storage at 4°C for 1 h, the upper phase was transferred into another tube. The solution was neutralized with 100 ,u1 of 10% (vol/vol) acetic acid and extracted with 6 ml of diethyl ether. The upper phase was discarded, and the residual ether was evaporated for 10 min at 68°C. The DNA was precipitated twice with ethanol, dried under vacuum, suspended in 10 mM Tris hydrochloride buffer, pH 7.4, and incubated for 1 h at 50°C.
Agarose gel electrophoresis was performed as described by Maniatis et al. (12) . For DNA-DNA hybridization, the method of Southern (20) was used with 32P-labeled nicktranslated DNA (17) as probe and GeneScreen Plus membranes (New England Nuclear Corp., Boston, Mass.). For the construction of a gene bank, the methods described by Maniatis et al. (12) were used. Plasmid DNA (1.5 p.g) isolated from strain CH34 or mutant derivatives was digested with EcoRI, mixed with 3 p.g of EcoRI-digested vector DNA, and ligated with 2 U of T4 DNA ligase (Boehringer GmbH, Mannheim, Federal Republic of Germany) for at least 24 h at 4°C. Transformation of E. coli HB101 and S17-1 was conducted according to the method of Mandel and Higa (11) with the following modifications: (i) the cells were incubated for 1 h in 50 mM CaCl2 rather than 4866 NOTES for 12 to 24 h, and (ii) after the heat shock, the cells were chilled on ice for 10 min. A portion (0.75 ,ug) of the ligated DNA mixture was added to 0.2 ml of competent cells. Isolation of a metal-sensitive mutant. Plasmid pMOL30 determines the ability of A. eutrophus CH34 to grow in the presence of 1 mM Cd2+, 2.5 mM Zn2+, or 5 mM Co2+. To localize the resistance markers on the plasmid and to identify resistance genes in a DNA bank of the plasmid, metalsensitive mutants were needed. The wild-type A. eutrophus CH34 was subjected to transposon mutagenesis with Tn5-Mob present in plasmid pSUP5011, and Kanr transconjugants were examined for metal sensitivity. Of 12,550 Kanr colonies tested, one isolate, DN48, failed to grow in the presence of 1 mM Cd2+, 2.5 mM Zn2+, and 5.0 mM Co2+. This mutant exhibited the metal-sensitive phenotype of a pMOL30-cured strain. Agarose gel DNA analysis revealed that mutant DN48 still contained two plasmids (data not shown): pMOL28 and a slightly enlarged pMOL30 which was named pMOL30-3. EcoRI digests of plasmids pMOL30 and pMOL30-3 were compared and revealed the lack of a 9.1-kbp fragment and the occurrence of an additional enlarged fragment in plasmid pMOL30-3 (data not shown). The latter fragment was cloned in E. coli S17-1 with pSUP202 (19) as the vector plasmid. TnS-containing hybrid plasmids were identified by screening the transformants for Kanr and Cams. A hybrid plasmid conferring this phenotype was designated pEC2.
Cloning of metal resistance by marker rescue. A gene library of pMOL30 DNA was constructed in E. coli HB101 with pSUP202 (19) , which can be mobilized for transfer to A. eutrophus, as the vector plasmid. The vector is not able to replicate in this host. Plasmid pMOL30 DNA was obtained from strain AE128 (a derivative of CH34 that had been cured of the plasmid pMOL28); 358 independent Cams Tetr Ampr transformants of E. coli were obtained. Plasmid pULB113 was transferred by conjugation from E. coli CM214 into each of these transformants to provide transfer functions. The 358 strains with transfer functions were mated with A. eutrophus DN48. TetT transconjugants were isolated and tested for metal resistance by replica plating to media containing Cd2 , Zn2+, or Co2+. Seven independently isolated Zinr CobBr colonies (named pEC11 through pEC17) were identified. Surprisingly, none of the transconjugants had recovered wild-type-specific Cd2+ resistance. However, these recombinants reverted to Cd2+ resistance at a high frequency (1.4 X 10-3), in contrast to the parental strain DN48 (<10-9).
The hybrid plasmids isolated from two of the seven E. coli hosts, pEC11 and pEC17, were characterized by restriction nuclease digestion with enzymes EcoRI, BamHI, HindIll, Sall, XhoI, and PstI. Both hybrids had a 9.1-kbp EcoRI fragment (aE8) in common. The physical map of aE8 is shown in Fig. 1 . A comparison of this map with the restriction pattern of the TnS-Mob-containing fragment in plasmid pEC2 (cloned from DN48; see above) revealed that the insertion was located approximately 1 kbp from one end (Fig. 1) .
Complementation of metal sensitivity. Fragment aE8 from plasmid pEC17 was subcloned into the EcoRI site of the IncPl broad-host-range vector pRK290 (4). Transformants of E. coli S17-1 were pooled and used directly as donors in conjugation with the plasmid-free A. eutrophus strain AE104. Tetr transconjugants were isolated and examined for Cadr, Zinr, and CobBT. Two hybrid plasmids, designated pDN2 and pDN7, restored the three resistances in the plasmid-free derivative AE104. EcoRI restriction analysis revealed the presence of fragment aE8 in both hybrids; pDN7 contained two extra fragments of unknown origin (data not shown).
Plasmid pDN7 was transferred into E. coli S17-1 by transformation; the resulting strain was used as the donor in matings with a variety of metal-sensitive recipients ( Table 2) . The plasmid conferred resistance to cadmium, zinc, and cobalt when transferred to the wild-type strains of A. eutrophus H16 and Alcaligenes hydrogenophilus. The levels of resistance differed (Table 2) ; the pDN7-harboring E. coli strain did not exhibit higher metal resistance than the plasmid-free parent.
Physical map of the pMOL30 region coding for resistance to heavy metals. Plasmid DNAs isolated from strain DN48 and the pMOL30-harboring strain AE128 were blotted and hy- bridized with radioactively labeled TnS and pEC11 (pSUP202::aE8) probes. The same was done with plasmid pEC2 (pSUP202: :aE8:: TnS-Mob). As expected, the 17.8-kbp EcoRI fragment aE8: :TnS-Mob of pEC2 hybridized with the TnS probe (Fig. 2, lane 4) . Likewise, in the restriction pattern of plasmid DNA from strain DN48, a 17.8-kbp fragment occurred instead of the 9.1-kbp fragment of pMOL30 (Fig. 2, lane 1) , and it hybridized with both the TnS and the pEC11 probes (Fig. 2, lanes 2 and 3) . This result clearly shows that the TnS insertion in DN48 is located in the EcoRI fragment that has been cloned in pEC11.
The hybridization patterns of pMOL30 from AE128 and pMOL30-3 from DN48 were compared after digestion with BamHI and HindIlI. When the aE8-carrying pEC11 was used as a probe against HindIII-digested pMOL30, DNA hybridization was detected with two fragments of 30 and 3.2 kbp. When the same probe was used against pMOL30-3, four fragments of 25, 7.3, 4.8, and 3.2 kbp were detected (Fig. 2) . (The 4.8 kbp presumably represents the internal HindIlI fragment of TnS-Mob.) Since the two HindIII restriction sites of Tn5 are about 1 kbp from each end of the transposon DNA, the insertion point of TnS is about 24 and 6.3 kbp from the ends of the original 30-kbp HindIII fragment. Because the distances from the internal HindIll site of fragment aE6 to the EcoRI sites are 7.1 and 2.0 kbp, respectively, the transposon insertion point is about 0.8 kbp from one end of fragment aE8 (Fig. 1) . This insertion point of the TnS in pMOL30-3 was also confirmed by hybridizations with BamHI-digested plasmid DNA. Plasmid pEC11 hybridized with two BamHI fragments (14 and 7.4 kbp) from pMOL30 and with three fragments (8.8, 9.1, and 7.4 kbp) from pMOL30-3 (Fig. 2) . These data led to the physical map of the pMOL30 region coding for resistance to heavy metals and confirmed the localization of the TnS-Mob insertion being 0.8 to 1.0 kbp from one end of fragment aE8 (Fig. 1) .
Plasmid pMOL30 of A. eutrophus CH34 codes for resistance to cadmium, cobalt, and zinc (14) . After transposon mutagenesis with TnS, which encodes resistance to kanamycin, mutant strain DN48, which is Kanr Cads Zins CobBI, was isolated. The pleiotropic metal-sensitive phenotype of DN48 suggests that the Cad, CobB, and Zin markers By restriction nuclease analysis and DNA-DNA hybridization after Southern blotting, the Tn5 insertion was shown to lie in the 9.1-kbp EcoRI fragment aE8. The insertion point was estimated to be 0.8 to 1 kbp from one end of this fragment. When cloned, this fragment was able to restore the pMOL30-cured derivative AE104 and other metal-sensitive Alcaligenes spp. to resistance to cadmium, zinc, and cobalt. Therefore, the cloned DNA is sufficient to code for all of the three resistances. We did not observe a hybridization between fragment aE8 and DNA from plasmid pMOL28. Thus, the CobA and CobB resistances are lacking homology (M. Mergeay, unpublished result).
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